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Introduction.

The general division of the Tertiary lavas of Victoria into an
Older Volcanic Series (Miocene or earlier) and a Newer Volcanic
Series ( Pliocene to Recent) was introduced by the early Geological
Survey of Victoria. The conception was hased on the relation-
ships of the lavas in the Port Phillip district to fossiliferons
marine beds, and was then extended by  conjecture or analogy ™
to lavas in other parts of Victoria. The evidence for correlation
often appeared slender or doubtfnl, and there was little to indicate
“whether the Older Basalts (Older Voicanic Series) were con-
temporaneons or part of a series of cruptions extending over a
long period ™ (39),

The detailed study of these lavas has barely been hegun, hut
a representative collection from most of the outcrops correlated
with the Older Volcanic Series is now available.  The collection
comprises ahout 300 thin sections of lava flows and ahout 350
sections of dykes.  The specimens from which these were made
were gathered chiefly by officers of the Geological Survey of
Victoria, but notable additions have been made hy Messrs, .
McCance. A, Coulson, and R. Jacobson, and the author,

Petrological examination of this collection makes it possible
to advance from the position outlined by Professor Skeats in 1910
(39. p. 201). and present a more comprehensive study of this
igneous suite,  Since the Newer Volcanic Series has also been
studied in considerable detail (12), it is also possible to make a
precise comparison of the Older Volcanic lavas with those of the
Newer Voleanie Series.

The Older Volcanic Series.

SUMMARY OF CONCLUSIONS,

For convenience of presentation, the conclusions arrived at in
the petrological section of this paper are summarized here. The
Older Volcanic Series is a distinct petrological suite comprised
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of crinanites, olivine-titanangite-dolerites, olivine-titanaugite-
basalts, olivine-basalts, olivine-nephelinites, Hhmburgites, and
monchiquites, camptonites, and possibly acid ditferentiates in
the form of tinguaites and phonolites.  This association
is closely comparable with the late Palacozoic igneous suite
in the west of Scotland (31), and also with the Tertiary
“plateau magma " suite of  Scotland (25).  The probable
composition of the Older Volcanic parent magma is similar
to the Scottish platean magma type, and corresponds  to
Kennedy’s * olivine-basalt magma tvpe ™ (26).  This must not be
confused with the * platean basalts " of Washington (52). which
constitute the * tholeiitic magma type ” (26) of Kennedy, or the
“ non-porphyritic central magma type ™ of Scotland (25).  No
tholeiitic rocks appear to occur in the Older Voleanic Series.

It has been found ateo that the Older Voleanic suite is distinet
from the Newer Volcanie, both in the nature of many of its rocks
and in the probable composition of its parent magma. While the
Newer Voleanic parent magma is also an ™ olivine-basalt magma
type,” it has some pronouncedly tholeiitic feawures.

The presentation of these resultx is the more apposite in view
of a recent publication by Sussmilch, in which he states (50,
p. 20) —" The basalts of Victoria apparently belong to at least
four distinet geological periods  (a) Oligocene, () Lower
Miocene. (¢) Lower Pliocene, () Pleistocene to Recent.  Under
these circumsiances the use of the terms Older and Newer Basalt=
(i.e. Voleanics) is misleading, and has led to much confusion,
and it would he better if both terms were dropped.”

In making this statement, Sussmileh has placed too much
emphasis on the * distinctness ” of these four periods.  ‘They
represent @ continuoirs passage of time. e has also overlooked
two features of voleanic rocks, one of which 1s a tendency to inter-
mittent eruption over a considerable period of time: the other,
that rocks from a common stock possess common characters.

CAs s shown in subsequent pages, the Vietorian basalts are
divisible, on perrographic grounds, into two fairly well-defined
and widespread suites. Omne of these snites includes lavas of a
pre-Miocene to Miocene age. The other includes lavas of a
Pliocene 1o Recent age—in other words, they correspond to an
Older and @ Newer Voleanic Series. This being so. the terms
Older Voleanie Series and Newer Voleanic Series are neither
misleading nor confusing, but express clearly and adequately
the conception of two periods of voleanic activity.

Lt seems possible that these two eras of volcanie activity were
only maxima in a single great period, the extensive Older Vol-
canic extrusions dying away during the Miocene to a few minor
extrusions, and recurring in the Pliocene after a period of rest
and renewed ditferentiation, as has heen suggested by Skeats und
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Summers (45, p. 33).  These two periods of intense activity
must themselves have been diversitied by fluctuations in intensity,
and shifting of the centres of extrusion.

DiSTRIBUTION aAxD FTELD ()CCURRENCES.

The Older Volcanic Series includes hoth lava flows and dyke
intrusions. These consist of practically identical rock types. hut
in different proportions, and the distribution is  somewhat
different.

Lava Flows.

The rocks constituting the lava flows arc crinanites, titau-
augite-dolerites and basalts, several varieties of olivine-hasalt, and
minor amounts of limburgites and nephelinite, and possibly
acid alkaline rocks.  Their age relations arce well  estab-
lished in the Port Phillip district, where they occur beneath
fossiliferous marine heds of Lower Miocene age, as at Ilinders
(27). Balcombe Bay, and Grice's Creek (38), Royal Park (37),
Keilor (8), and in the vicinity of Geelong (7, and references), or
intercalated between such beds, as at Maude (7).

In South Gippsland the basalts pre-date the Tertiary faniting,
and lie beneath the main seams of brown coal.  This has been
proved by diamond drilling at Warragul, Yarragon, Morwcll,
Boolara, and Welshpool,  Stirling (49) and Herman (17) hayve
shown that the deposition of the hrown coals occurred intermit-
tently over a considerahly longer period than was required for the
extrusion of the hasalts, <o that there are pre-basaltic, inter-
basaltic. and post-basaltic brown coals.  Thus. in Bore No. 1,
at Yarragon, the following intercalation of brown coal and basalt
was found (49, p. 74) —

Thickness of senm

or Tava,

Feet.
Tirown conl . . . - 17
Brown coal . . . .. 24
Brown coal . . o . 67
Brown coal . o . o ]
Basult . - . . . 41
Browu coal o . . . !
IHasalt . o o o o 45
Lasalt .. .. . .. - 18
Basalt .. i o . . 7l
Rasalt .. .. .. .. - 108
Brown coal 2

Similarly, at Leongatha, in Bores Nos. 3 and 5. seams of lignite,
6 inches and 9 inches thick, were found between basalt flows.
The pre-basaltic and inter-basaltic hrown coal seams are generally
very thin, and never attain the great thickness of the post-basaltic
brown coals. The most extensive development of brown coal
beneath the basalts in Sonth Gippsland is at Elizabeth Creek. in
Allambee ast, where therc is a seam 40 feet thick while m the
neighbourhood are scams 12 to 20 feet thick (49).

The hrown coals of the Latrobe Valley are generally regarded
as of Oligocene or Miocene age (38). Similar brown coals at
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Parwan, Altona, Tyabb, Tanjil, and in East Gippsland underlie
fossiliferous Oligocene or Miocene beds (4, 5), while at Hedley,
near Gelliondale, brown coal is found beneath beds containing
Pliocene fossils.  On these grounds the basalts of South Gipps-
land should he Miocene or older.  Sussmilch (30, p. 25) has
claimed, however, that they " cannot be older than Lower
Pliocene ™; but in the same paper (50, p. 15} he arrives at the
conclusions that the uppermost beds of the Yallournian (i.c.
Brown coal series) are possibly as young as lower Pliocene,
which would still make the hasalis at least as old as Miocene.

At Pargo (33), Darlimurla (33), Narracan (3), Berwick (93,
Pascoe Vale (34), Flemington (37), Beenak (24), Grice's Creck
(38), Mahaikah (19}, and Bacchus Marsh (32), the Older Vol-
canic hasalts are Tound associated with Tertiary leal beds.  These
leaves have been referred to the Miocene. but are not generally
aceepted ax affording a precise indication of age.  Neverthelcss,
the similarity of the lcaf remains does suggest a broad contem-
poraneity for the lavas associated with them. At Berwick the
leaf beds overlic a hed of brown coal from 2 to 3 fect thick.

The other lines of evidence as to the age of the Older Volcanic
rocks, especially m ast Gippsland, are the physiographic, which
is described by Hills (181, and the petrological, given here.
Correlation on petrological grounds tends to be regarded with
suspicion, because rocks which originate by similar processes of
differentiation must necessarily be generally similar in appearance
and composition, even  though formed at widely separated
geological periods. It often happens, however, that a gronp of
consanguineous rocks will possess minor peculiar characteristics
which readily distinguish it {rom another generally similar suite.
Thiz 1z fortunately the case in Vietoria. where hoth the Older
Volcanic and the Newer Voleanic suites contain types with dis-
tmetive Teatures and ol widespread occurrence, viz,, crinanites
and titanaugite-hasalts in the Older Voleanics, and iddingsite-
basalts in the Newer Volcanics, as well as other less marked
differences that are set out more fully in a later section (p. 92).
Moreover, it has been found that classification of such rocks as
Newer Voleanic or Older Voleanic by their petrological characters
agrees closely with determination of their ages by physiographic
or stratigraphic methods.  The results of this classification hy
petrological characteristics, together with the data, are sumi-
marized in Fig. 1, which shows the probable distribution of the
Older Voleanic lava lows in Victoria.

Dylke Intrustions.

I'he dyke swarms that accompany the Older Voleanic lava flows
are comprised of crinanites, titanaugite-dolerites and  basalts,
O]IVIIIC—])‘ElS?lltS‘ monchiquites, rare nephelinites, and oecasional
camptonites, with possibly a few dykes of tinguaite and phonolite.
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The age relations of these dykes are often obscure. At
Kangaroo Gully. near Bendigo, they appear to be post-Permo Car-
honiferous (41), At Korkuperrimul Creek, Jacobson (20) has
found several dykes of monchiquite and nephelinite which pene-
trate the earlier Older Voleanic flows. but either fail to penetrate
the later ones or merge into them. so that there can he no doubt
of their contempuoraneity with the lavas. Equally definite relations
can be observed in the neighbouring parishes of Gorong and
Yaloak. Here the dykes in some instances penctrate the Older
Volcanic basalts, but they clearly pre-date the Newer Voleanic
basalts and the Tertiary leaf beds which the Newer Voleanic
basalts overlie.  These dvkes are monchiquites, camptonites, and
olivine-basalts, accompamed Dby a plug of olivine-nephelinite.
similar monchiquites and a nepheline-monchiquite occur fnrther
south at Anakies, and the You Yangs monadnock, and others pre-
sumably occur in the intervening country, beneath the Newer
Volecanic basalts.

This swarm of dykes continues northwards, becoming domi-
nantly monchiguitic with a minor number of camptonites, as (ar
as Bendigo and probably Tarnagulla.  Such dykes have leen
recorded from Steiglitz (15), Blackwood (14), Ballarat (16),
Daylesford (53), Castlemaine (15), Maldon 15), and Den-
digo (48).

No dykes occur in the Jurassic rocks of the Barrabool 11ills
or of the Otway Ranges, which are thus in striking contrast to
the Jurassic hills in South Gippsland. where there is a strong
swarm of crinanite. basalt, and monchignite dykes, The western
limit of the dyke swarm may be placed, therefore, hetween the
You Yangs (and Curlewis) and the Barrabool Hills. A search
through the literature reveals records only of diorite amd acid
amprophyre dykes in the goldfields west of Ballarat, snch as
Beaufort, Scarsdale. Maryborough, Bealiba, St. Arnaud, Avoca,
Stawell, and \Wedderburn,  The lamprophyres are in the wain
described as minettes, and secem to be contemporary with the
diorites (Le. probably Devonian), and so distinet from the Older
Voleanic lamprophyres which are camptonites, sometimes grading
into kersantites.  An approximate western boundary of the Older
Voleanic dyke swarm can be drawn from this data ([Fig. 2.

In South Gippsland the dykes outcrop only in the upthrovwn
blocks of the furassic. from which the Tertiary sands and hrown
coal have been stripped (10).  They have been found in occa-
stonal diamond drill cores in the downthrown blocks beneath the
Tertiary sands.  They therefore pre-date the faulting of the
region, like the lava flows, and since they are not recorded as
penetrating the Older Volcanic flows, they are probably either
earlier or contemporaneous with them. At Flinders, on the other
hand, dykes occur in the basalts of the shore platforms,
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In Eastern Gippsland there is no indication of the age relations
other than that of petrological similarity. It is impossible to dis-
tinguish the crinanites, olivine-basalts, monchiquites, and camp-
tonites that comprise the dyvkes of this region from those of the
soveral areas previously referred to, A fmthm line of evidence
that supports the conclusion that all these ddykes helong to the
ONder Voleanic Scries is (hat the wide arcas of Newer Voleanie
rocks that have been examined seem to he practically destitute of
dykes, despite many favorable expostres 1 stream sections.

Ax will be seen from g, 2, the Central Vietorian dykes are
dommantly  monchiquitic with subordinate  camptonites  and
hasalts.  Basalts become more prominent in the vicinity of
Gorong, and are accompanied by occasional dyvkes of dolerite and
nephelmite. East of Melbourne the basaltic dykes are increas-
ingly predominant.  Tn South Gippsland crinanites appear, and
with olivine- hasalts make up the majority of the dykes.  The
monchiquites are still numerous, and persist o Eastern Gipps-
land where they are joined by camptonites, phonaolites, and
tingnaites.  The crinanites and olivine-basalts also persist into
this region,

The full extent and strength of the Older Volcanic dyke
swarms can only he conjectured.  Heavy soils and vegetation
obscure ont-crops, and the dyvkes weather rapidly to considerable
depths, so that generally they can only be observed in cuitings,
stream sections, or mine workings.  Mapping, moreover, has
often heen Hinited to rapid surveys.

The northern boundary of the swarni s equally a matter for
conjecture.  No Tertiary dvkes are recorded in the north-cast
ot the State, i.e., north and north-east of the Buffalo Mountains,
Mount Hotham. and Glen Wills, although mapping in that part
has been fairly detailed.  Another hiatus occurs in North-west
Cippsland. Tertiary dykes have Teen mapped in the Wallalla-
Wood’s Point belt (227 28, 543, hut none are recorded from
turther north. They  have also been fonnd at Warrandyte.
Kangaroo Ground, and near Pilydale, but not {further north.  The
tapping in this blank area has so far heen of a reconnaicance
character. ~o that dykes may well exist there,  Still further north,
however, where mapping has been more intensive, none have been
observed. and since a number of dykes have been recorded in
cqually sketehily-mapped arcas of Eastern Gippsland, they cannot
be prominent in North-west Gippsland, and may not occur north
of the tentative houndary suggested in IFig. 2.

Petrology.

Fhe outerops of Older \ oleanic rocks about Port Phillip Bay.
vhicl undoubtedly underlie Miocene beds, were selected as the
type Older Voleanics, particularly those of the Mornington Penin-
culd which have the most extensive outerop, and have been
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explored by a number of diamond drill holes, the cores from
which are available at the Mines Department. At Flinders one
siich bore was put down for more than 1,100 fect throuch a
succession of basalt flows. while another at Cape Schanck pene-
trated about 800 [eet of hasalts.

The Pasalts in these arcas contain abundant titanaugite and
sometimes abundant analeite, combined with a relative abisence of
iddingsite, and are sometimes markedly ophitie in texture.  They
arc distinet fron the iddingsite-rich. titanaugite-poor hasalts of
the Newer Voleanie Series, bt are identical with some of the
dykes and voleanic necks of Sonth Gippsland (10). These dis-
tinctive types are of wide-spread occurrence throughout Eastern
and South-eastern Victoria, in association with other hasalt tvpes
(Iig. 1. and serve as " marker fows ™ of a well defined petro-
iogical suite.  Their presence wmong lavas of another area can
be regarded as presumptive evidence that those lavas belong to
the Older Volcamic Series, provided that there 1s no evidenee 1o
the contrary ; and beginning with these types it has been possible
to devise an approximate classincation of the Older Voleanie
Series tuto recognizable groups. o order to simplify subsequen:
discussion, local * type names,” e.g., Keilor type. have been given
to those groups which conld 1ot be given distinetive descriptive
rames.

TrraNavcire Basacrs,
Crinanites and Crinanite-basalts.

These doleriiic olivince-analeite hasalts occur n the lowermost
flow of the Cape Schanck hore (700-850 feet). at Berwick (lower
flow ). at Kelly's Hill near Pakenham, at Gembroolk, near Mavdan,
near Trafalgar, and at Narracan Creek (\llot. 125, Thorpdale),
from Neerim to Noojee, at Leongatha, near Hallston, on the
banks of the Latrobe River, north of Moe, and in diamond drili
cores from the Dargo High Plains.  They are coarsely ophitic
rocks, and consist of a {ew cembayed phenocrysts of alivine,
which may be fresh or altered to serpentine, in a coarsely inter-
grown groundmass of plates of purple titanaugite up to 5 nun.
across, and laths of labradorite (Aby,-Ab) about 1.0-1.53 mun,
long. coarse rods of ilmenite and necdles of apatite, and inter-
stitial analeite.  The titanangite sometimes encloses the olivine
crystals. It 1s optically positive, with 2V about 00%, and pleo-
chroic with N = purple-brown, Y purple, and 7 == yellow.
Where it is in contact with analcite it may be altered 1o green
acgirine-augite or even aegtrine.  The analcite 1y sometimes
water-clear, but is more often cloudy and weakly bireiringent.
Flakes of Liotite sometimes occur in association with the analeite
and i cracks in the olivine. A finer-grained erinanite-hasait,
showing flow arrangement in its groundmass, occurs at Warragul
(Allot, 127).



0 A B Edwards:

These rocks cannot be differentiated from the erinanites which
are so prominent among the north-west dvkes of South Gipps-
land (10), and are probably co-genetic with them. No chemical
analysis exists, but the composition must be closely similar to
the analysis of the Gippsland crinanite shown in Table 1., No. 1.

Oplhitic-titanaugile-dolerites.

These differ from the crinanite-basalts only in the absence of
analcite, and the minor amounts of aegirine and biotite.  They
oceur at Korkuperrimul Creek, as the upper flow there (20}, in
the Dargo High Plain bore cores, at Upper Dargo, Cobungra,
Mount Hotham, Mount Matlock, Yarragon. and on the Thomson
River, and in the chilled base of the Neerim-Noojee crinanite,
where it rests upon the Silurian.  Similar rocks are found at
AMallacoota and at Omeo as dykes.

Mooroodic Type.

A third group of closely comparable titanaugite-hasalts occur
in the Moorooduc hores (No. 8, 135-200 feet), Bittern bores
(No. 2, 130 feet), Tyabb hore (No. 6, 404 feet). Ilinders bore
(No. 1, 0-99, 409, 536-671, 874-1135 feet), at Longwarry., in the
Tangil hores at Bates Crossing (No. 4 and No. 7). Cape Schanck
hore (No. 1, 43 feet), at Balnarring, Balcombe Bay, and San
Remo. on the Bogong 1ligh Plains, in the bores from the Dargo
High Mains, at Mother Johnson's Flat near Ilotham, at Mahai-
kah, at Welshpool (bore No. 1, 440 feet). Toora (Allot. 15), at
Berry's Creek, Mirboo {bove No, 20, 192 [eet), in Devon (Allot.
103). st Maude, and at Russell's Bridge in the Geelong district,
ai the Korkuperrimul Creek, at Kangaroo Grownd, Diamond
Creek, and Greensborough, at Spring Plain, and Connor’s Plain
near Wood's Pomt, mud at Flourbag Creek, Walhalla, at Living-
stone Creek, and from a dyke in Collin's shaft near the junction
of the Little Gibbu Creek with the Mitta Mitta.  Similar dvkes
aceur in Sonth Gippsland (10),

These rocks are  finer-grained than the previous groups.
Olivine 15 the only mineral which forms phenocrysts, It may
be fresh, corraded or, more frequently, altered to serpentine.
The crysials range from 0.5 to 2.0 mm. in diameter, the smaller
sizes being the more common,  They are set in a medium-grained
groundmass of violet titanaugite (2V about 60° ), ophitic towards
plagioclase laths (AD, ), and abundant intersertal glass which is
nsually green. but sometimes yellow or browi.  This glass s
generally devitrified and hirefringent, and is either chloritic or
serpentinitic in composition (20). - The degree of ophicity varies,
as does the depth of colour of the titanaugite, and in  chilled
phases the pyroxene does not appear, hut is replaced by an opaque
glass which is packed with iron ore globules and is a purple or
black colour.  "This glass resolves under high magnification into
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a colourless base ecrowded with trichytes of iron ore. Such
chilled phases are found at Tangil, Moorooduc, Flinders, and
Tyabb.

A variant of this type is {ound at Korkuperrimul Creck, in the
second Iowermost flows of the Older Voleanic rocks of that dis-
trict (20). The amount of green glass 1s diminished, and pheno-
crysts of titanaugite up to 3 mm. in diameter are present. The
groundmass is coarser, and the unusually elongated laths of the
plagioclase have segregated into sheaves.  This feature is present
to a lesser degree m a flow at Balnarring.  An analysis of the
Korkuperrimul rock is given in Table [., No. 4,

The specimens from Spring Hill and Connor's Plain, near
Wood’s Point. contain a greatly reduced amount of brown glass:
and in specimens mnear Thomson's Bridge over the Latrobe
(Narracan), and from hall a mile east of Arthur’s Seat, Dro-
mana, and from Gembrook it is absent.

TDDINGSITE-BASALTS.

Iddingsite-bearing basalts are relatively uncommon among the
Older Volcanics, and such as do vccur are readily distinguished
from the Malmshury and Footseray types of iddingsite-basalt so
prevalent among the Newer Volcanies (12).

lddingsite-titanaugite-bdasalts.

The basalt which occurs as a shore platform at DPort-
arlington (7) is a typical titanaugite dolerite, except for the fact
that the olivine crystals are heavily rimmed with red-brown
iddingsite even when enclosed by titanaugite.  Stmilar iddingsiti-
zation s ohserved in places in the ohvine-titanangite-dolerite
which forms thie uppermost flow at Korkuperrimul Creel (20).,

The porphyntic variation of the Mooroodue type which occurs
as the secoud lowermeost flow at Korkuperrimul Creek, also grades
locally into an iddingsite-titanaugite-basalt,  The flows which
overhie this rock are characterized by iddingsite (20), hut this is
accompanied by pale violet augite (2V about 60°) which is
irequently pleochroic, and by varving amounts of clear gree,
yellow, or orange glass,  The abundance of titanaugite in these
rocks, and the type of glass mentioned in the last, readily dis-
tinguishes these rocks from the Newer Volcanic types of idding-
site-basalt,

Mirboo Type.

lddingsite-basalts also occur in the Berry's Creek bore (No.
20) near Mirboo, where they form two flows, the upperinost
(4th flow) and the flow at 117-147 feet depth (2nd flow) ; in the
Ilinders bore, as several flows (about 160 feet, 215 feet, 300
feet, 500 feet, and 850 feet levels); in the Cape Schanck bore;
and at Evelyn.
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These basalts are all fine-grained, slightly glassy rocks, consist-
ing of phenocrysts of olivine slightly altered to iddingsite, set
in a groundmass of plagioclase laths (Ab,;). granular to idio-
mworphic crystals of colourless or pale-violet pyroxene, iron-ore
grains, and a variable amount of green glass.  Numerous vesicles
of chalcedony and glass are present in the Berry's Creek rocks,
and n some shides a little hotite is present.  The alteration of
the olivine to iddingsite ix of uniform extent, and pre-dates the
crystallization of the pyroxene of the groundmass, since idding-
sitized olivine crystals are frequently observed enclosed by aggre-
gates of pyroxene. Small grains of iddingsite are present in
the groundmass.  The rock from the lower fow at Berrv's Creek
i« a chilled phase. i which the felspar was unable to crystallize
to any extent. <o that it has the appearance of a limburgite.

The olivine cores may or mayv not be altered to serpentine. Such
serpentine as is formed is often bright grcen, pleochroic to a
vellow green.  In the Flinders specimens the olivine crystals
reach dimensions such as 3-4 mm. across, with a very thin rim of
ldingsite. and in one of the higher flows at this locality the iron-
ore forms coarse octahedra larger than the individual pyroxene
grains,

In the Flinders rock from the 215-ft. core, the iddingsite is
the vellow variety (36). Tt is strongly pleochroic and <hows
straight extinction. A vein of iron-oxide stained rock appears
in the slide.  As this vein is approached the yellow iddingsite
makes over to red iddingsite.  Chalcedony is again present as
vesicles and veins.

The 4th flow at Barrv's Creek has been analysed. and the
analysis 15 shown in Table 1., No. 9. The richness in magnesia
1s due to the presence of much serpentine. both psendomorphous
after the olivine, and as the green glassy basc.

OLIVINE-BASALTS.

Associated with these more distinctive types of basalt are
several other variations in which titanaugite is rare or abgent.
Keilor Type,

A distinetive type of glassy olivine-basalt occurs at Green
Gully, Keilor, below Lower Miocene marine beds (8), at Broad-
meadows (47). along the Maribyrnong River at Essendon. at
Cape Schanek (bore No. 1, 32 fect), at San Remo, and on Phillip
Island.

At consists of microphenverysts of slightly - corroded  fresh
olivine, set in a groundmass of Taths and microlites of plagioclasc
by ), nmnuate grains of pyroxene, octahedra of iron ore, and
abundant hrown glass which constitutes over hali the rock.,  The
spectmens from Essendon and Broadmeadows are identical except
thiat an occastonal phenocryst of ( 7) anorthoclase is present at the
latter locality (47). The Cape Schanck and San Remo specimens
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are rather more crystalline, so that the felspar laths are larger and
the pyroxene grains larger and more numerous, while the amount
of brown glass is less.

An analysis of the Broadmeadows flow is shown in Table 1.

No. 10.

Buckland Tvype.

An unusual type of basalt occurs as pipes and dykes in associa-
tion with the phonolites and tinguaites of Harrietville.  Rather
similar rocks occur at Mt Buffalo, Bogong Tiigh Plains,
Sandy's Creek in the Tabberabbera district, and Cape Schanck.
The dyke at Buckland Gap, near Harricetville. is selected as the
type. It contains numecrous phenocrysts of plagioclase, augite,
and olivine, in a fine-textured groundmass.  The plagioclase is
labradorite (Ab,,), and frequently forms rectangular crystals.
They are commonly corroded at the edge and at the core. The
augite occurs as grevish-brown. idiomorphic crystals, sometimes
2-3 mm. in diameter, The cores of these crvstals are sometimes
pleochroic from pale green to yellowish-green,  In other instances
they are * spongy " with inclusions.  Olivine erystals arce smaller
and less numerous, and are slightly altered to serpentine.  The
groundmass shows no fluxion structure, and consists of minute
rectangular and lath-shaped crystals of labradorite, small grains
of angite and olivine, and an interstitial base of minute grams of
augite, iron ore. and glass.  The other dykes and pipes of the
district are similar, although the proportions of the phenocryst
minerals vary.

In the rocks from Mri. Buffalo and the BDogong lligh Plains
the proportion of plagioclase plienocrysts is greatly reduced, while
the olivine and augite are more abundant, but often corroded.
The angite has a marrrmal zone of titanaugite, At Sandy’s Creek,
on the oter hand, phumuy%ts of labradorite dominate. The
Cape Schanck rock is closcely comparable with  Buckland Gap
specitien, except that ifs pyroxene is a purple titanangite. A
snmewhat comparable rock occirs at Grange Qnarry, Double
Creek, necar [Flinders, hut here the phenecryts are solely
of a brownish-violet augite, up to 2 mm, in diameter, and
the fine-grained groundmass shows fluxion structure.  No basalt
of this type has yet been met with amongst the Newer Voleanic
Serics.

At Brandy Creek, near Mt. Bogong, a porphyritic type occurs
in which idiomorphic phenocrysts of titanaugite, 10 mum. in dia-
nicter, are set i a medium-grained groundnn% of corroded
clivine, plagioclase laths, s‘nnll crystals of vi(»let augite, iron ore,
and interstitial analcite, which shows wea bncfrmgcnce

Berwick Type.

Basalts of this group occur at Berwick, Bogong High Plains,
Mt. Fainter, Mahaikah, Mt. Moreton (Belgrave), Korkuperrimul
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Creek, Leongatha, Welshpool (Allot. 1 of B), Mt. Jim. and
Battery Hill, Cobungra, and among the South Gippsland dykes.
The type locality is the upper flow at Wilson’s Quarry, Allotment
15 of Berwick.

It is a fine-grained olivine-basalt with microphenocrysts of
uvlivine, more or less corroded, in a groundmass which shows little
or no fluxion strueture, and consists of olivine, pale violet to
colourless augite granules, minute octahedra of iron ore, clear,
colourless glass, and small but not very numerous laths of plagio-
clase (Abg;). Between crossed nicols the rock has a charac-
teristic appearance, small bright spots of olivine standing out in
a black base which is flecked with minute, yellow spots (augite)
and small grey laths of plagioclase. Rocks of this group are not
casily distinguished [rom certain basalts of the Newer Voleanic
Series.

At Berwick large phenocrysts of anorthoclase occur
sporadically in the basalt. This feature is found in the Flinders
type basalt at Aberieldy (29). and also in a monchiquite-basalt at
Moyarra (29).

Flinders Tvpe.

This, the most widespread of the Older Volcanic basalts which
dues not carry titanaugite, occurs at Flinders (bore), Connor’s
I'lain, Korkuperrimul Creek, [indivick (Allot. 19), Grice's Creek,
San Remo, Kmerald, Mt. Hotham, Cape Schanck (bore), Royal
Park, Alberton West (hore 92), Mooroodue (hore No. 9, 109-119
feet), Aberfeldy (Mt. Lookout and along the interfluve between
the Thompson and the Jordan Rivers), Mt. Loch (Bogong High
Plains). Ruby, Maude, Airey's Inlet, Curlewis, Sylvan, lLcon-
gatha, Warragul, Devon, Boolarra. M. Buller, Greensborough,
Kangaroo  Ground, Lilydale, South Buchan, White’s Dlain
(Cobungra), 15 Mile Creek (Dargo), and among the dyvkes of
South Gippsland (10). 7

Its characteristic featurc is the presence of considerable
amounts of green glass, geuncerally devitrified, when it appears to
be serpentine. It differs from rocks of the Moorooduc type iu
the absence of titanaugite and ophitic structure, but intermediate
variations are to be found.  Olivine is usually the only mineral
veecarring as plienocrysts, In some of the Flinders bore cores it
{orms crystals 2-3 nun. across, but it is generally smaller,  The
olivine erystals are nearly always corroded and partially altered
to serpentine.  Oecasional mierophenocrysts of brown augite and
plagioclase accompany the olivine,  Sometimes, as in one San
Remo specimen, the plagioclase is more abundant. The ground-
s Irequently shows Huxion structure, and is an mtergranular
growth of pyroxene granules, laths of plagioclase (Aby,), iron
ore, and the intersertal green glass. The pyroxene varies from
colourless to pale violet, when the rock grades into the Moorooduc
type. The grain size is rather variable at different localities, and
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in sonie instances the green glass is present in only small amount,
or may be lacking eutirely.

Rocks of this group are not readily distinguished from those of
the Trentham type of Newer Voleanic basalt.  Moreover, the
distinction hetween the Berwick and Flinders type is based solely
upon appearance in thin section. The two rocks are probably
chemically similar, as is also the titanaugite-bearing Mooroodue
type. Its difference irom the Mirhoo type is hased on the absence
of iddingsite. although the analyses (Table 1., Nos. 5-8) suggest
that the Mirboo type is rather more hasic and richer in MgO.

MUGEARITES.

Mugearitic types are rare among the Older Voleanies, in con-
trast to their relatively widespread development among the Newer
Voleanics.  Only two occurrences are known—a pipe at Aber-
feldy, described hy Mahony (28) as an olivine-andesite, and a
dyke on the Dargo Iligh Plains.  The felspar laths which con-
stitute a large portion of the Aberieldy rock are mostly oligoclase
with cores of andesine. It undoubtedly belongs to this group,
and should be called olivine-andesine basalt (or olivine oligo-
clase-basalt) rather than andesite. An analysis of the rock is given
in Table t.. No. 2, hut there ix some doubt as to whether the
analysis quoted is really of this rock.  Three analyses were made
of the Aberfeldy basalts ( Men. Geel. Surv. Viet,, No. 15, p. 44,
Analyses 4, 7, &), Of these, .\nalysis No. 4, reputed to be of
the olivine-andesite, and Analysis No. & reputed to be a basalt,
do not correspond with their vespective thin sections. I, how-
ever, the analyses are interchanged, a very good agreement is
found. It seems probable, therefore, that some mixing of the
specimens has occurred.  Accordingly, | have quoted Analysis
8 as representing the composition of the olivine-andesite.

OLIVINE-NEPHELINITES, NEPHELINE-LIMBURGITES AND
MONCIHHTQUITES,

Rocks of this character are known to occur at several places
in the State. namely along Korkuperrimul Creek (20), at Green-
dale (42), at Drouin West ( Allot. 91) (30). in the Bogong tigh
Tlains, and at the You Yangs(1l). Only in the first of these
occurrences is the age relation of the nephelinite bevond doubt.
jacobson (20, p. 134) has shown that at Korkuperrimul Creek
there are several flows of olivine-nephelinite which grade laterally
into nepheline-limburgites.  They overlie flows of the Flinders
and Mooroodue type, and are overlam by thin flows of limbnrgite
and olivine-titanaugite-dolerite.

The Greendale cocurrence is in the form of a plug intruding
Permo Carboniferous glacial beds (42). Apart from its nepheline
content, the plug resembles the Older Volcanic monchiquite dykes

10582.—6
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of this district. The You Yangs occurrence is equally indefinite
in age. It comsists of a dyke with strongly monchiquitic
affinities. accompanying monchiquite dykes which have invaded
the You Yaugs granite (1). It is probable that similar monchi-
quites intrude the surronnding Palacozoic sediments, but are now
hidden beneuth the Newer Volcanic bhasalts.

The specimen from the Bogoug High Plains is alniost identical
m appearance with that {rom the plug at Greendale, hut is rather
richer in nepheline. It was found by Mr. McCance, but was not
in situ. so that its mode of occurrence is unknown. The other
basaltic rocks of this area include definitely older Volcanic types.

The olivine-nephelinite  at  Drouin  West, described  hy
Mahony (30), 1s a plug surrounded by basaltic soil, so that its
age is indefinite. although it appears to intrude the Older Volcanic
lavas.  This rock is a true nephelinite, and lacks the monchiquitic
features of those from the other localities. It will he seen fromn
the chemical aunalyses of Table II., Nos. 1-3, that the difference
is expressed by the higher Na,O content of the Drouin rock.
The Korkuperrimul analysis is of a nepheline-poor variety of
the tvpe occurring there. and is therefore not truly representative
of the soda-content of the olivine-nephelinites proper of that
district.

TINMBURGITES AND MONCHIQUITES.

Limburgites occur at a number of localities, but are not common
av flows.  The most extensive flows are in the Korkuperrimul
Creek area (20), where they occur beneath basalts of the Flinders
type. and above iddingsite-titanangite basalts, and grade laterally
into olivine-nephelinite,  True flows or plugs occur at Euroa
(? Newer Volcanic), Tommy's Hut, and Balwyn, and in the
vicinity of Greendale.  Other specimens in the collection are {rom
Ensay, Broadford, the Basalt Temple on the Bogong High Plains,
Mt Hotham, Drumblemara (stone reserve), Mt. Deddick,
Buchan (Allot, 10-18), the Buffalo Mountains (Crystal Brook),
the Maude Mine at Glen Wills, the Blackwall Mine at Toombon,
Harrictville (Rose, Thistle, and Shamrock  Mine), Harkaway
(N. of Berwick), and Parwan Creek ( Yaloak). Most of these
are irom dykes, and they closely resemble the dykes of monchi-
quite in South Gippsland, Bendigo, Maldon, and Daylesford dis-
tricts. In some instances they are clearly older than the Newer
Volcanics, as at Yaloak and Creendale, hut more often their rela-
tion is indefinite.  However, it is to be noted that dvkes appear
ta be rare among the Newer Voleanic lavas, although small fows
are fairly numerous, as at Macedon, Woodend, Gisborne, Romsey,
and Springfield (12).  There is little, if anything, to distinguish
between the limburgites of these two series petrologically.
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CAMPTONITES.

Dykes of camptonite are known to occur at Greendale, Dayles-
ford, Bendigo (48), between Ensay and Jambarra, at Orr's Creek
near Dargo, at Nedside on Livingstone Creek, and at Forest Hill,
South Yarra.

The Greendale dyke intrudes the Ordovician in Dales Creck
close to the plug of nephelinite, and is associated with dykes of
monchiquite and olivine-basalt. It differs from the monchiquites
in the presence of mumerous microphenocrysts and wisps of
brown hornblende and biotite, subordinate laths of plagioclase,
and interstitial areas of felspar which may be anorthoclase. In
this respect 1t is similar to the Bendigo camiptonites. Some of the
titanaugite crystals have cores of emerald green pyroxene which
is pleochroic to yellow green, and appears to be aegirine. It
differs from the biotite-lamprophyre at the {reehold Mine, Dayles-
ford. only by the absence of coarse erystals of biotite.

Slides of a similar rock from a locality called Ferntree Gully
on the track from Ensay to Jambarra, were found in the Howitt
Collection (in the Melbourne University). In these, however,
the hornblende is restricted to numerous laths and wisps in the
groundmass, and is accompanied by more aboundant hiotite,
Allied dykes in Orr’s Creelk and Livingstone Creek contain
abundant  crvstals of brown hornblende and biotite.  In the
section from Livingstone Creek the hornblende crystals arc
frequently as large as 3 mm. i diameter, and are accompanied by
titanaugite crystals of the same dimensions.  The titanaugites,
like those in the Greendale rocks. have cores pleochroic from deep
green to greenish-yellow. No plagioclase occurs in these latter
two specimens, however, so that they represent an intermediate
stage between the camptonite proper and the monchiquites.  The
gradation from the other end, by the devclopment of " ocellar
patclies of sub-radiate hornblende laths and analcitic glass, has
heen noted in the dykes of monchiquite at Bendigo (48) and
South Gippsland (10,

Acin DIFFERENTIATES,

There has developed a tendency to regard all the Tertiary
alkaline rocks in Victoria as belonging to a single Middle Kaino-
zoic Alkaline Series, distinct from both the Older Volcanic and
the Newer Volcanic Series (e.g. 50, p. 25).  This is, however,
a misnnderstanding ol the facts, which appears to have grown
from a statement made by Professor Skcats in 1910, when refer-
ring 1o the difference in age between the Macedon dacites and
the Macedon alkali rocks, namely: " The Alkali Series is a much
younger one, of probably Mid-Kainozoic age, since the later rocks
nierge into the newer basalts ”' (Newer Volcanics) (39, p. 203).
In the same paper he suggested that the similar alkali rocks in
the Western District * may be of the same age as the Macedon
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rocks 7 (p. 204), while in 1912 (45, p. 53) and 1914 (40), it was
further suggested that a number of the isolated occurrences of
phonolite, tinguaite, and solvsbergite might also be of the same
age as the Macedon rocks.

It is unlikely, however, that all the Tertiary alkaline rocks in
Victoria were extruded simultaneously, and in some localities
there is proof that they were not. Petrogenetic studies of the
Newer Volcanic Series in Central Victoria (12) have made it
clear that the solvshergites, trachytes, trachyphonolites, and trac-
hvandesites of Macedon, Trentham, Tylden, Bullarto, Coliban,
and Gishorne. are the typical acid-differentiation products of the
olivine-basalt lavas with which theyv are associated, and the same
seems to be true for the trachytes of the Western District.  Such
associations are characteristic of olivine-hasalt provinces through-
out the world (469, and are to be expected wherever conditions
liave permitted more or less complete ** cupola ditferentiation ™ to
take place (11, 13).  The time most favorable to complete
differentiation is generally that inmediately preceding the begin-
ning of extrusion.  Subsequently the main magma reservoir is
thought generally to have approached so close to the surface
that further extrusion occurs hefore there is time for repeated
advanced differentiation.  Thus it is that the greatest develop-
ment of alkaline types in olivine-basalt provinces throughout the
world has been during the carly stages of extrusion (46). The
Newer Voleanic lavas of Victoria are no exception i this respect.

As indicated above, the alkaline lavas are pictured as centred
above cupola-like protrusions of the main magma reservoir.
Although in each locality in which they occur they will be among
the carly extrusions from that cupola, it is unlikely that all the
cupolas of a provinee will develop at the same time and rate, so
that there will be no definite period of alkaline extrusions.
Moreover, if extrusion is intercupted for a sufficiently long
period, renewal of differentiation within the magma reservoir
may give rise to later alkaline rocks, as it has done at Coleraine
and Casterton (40, and at Gisborne.

A feature ol the Tertiary alkaline rocks of Victoria is that
those which definitely belong te the Newer Voleanic period are
predominantly trachytes or have trachytic alfnitiex, while those
which outcrop in Eastern Vietoria, in proxiniity to the Older
Voleanic lavas, are predominantly phonolitic or have alfinities
with phonolites.  This may be a coincidence, but it assumes
significance in view of the richness of the Older Voleanices in
soda, expressed by the development of olivine-nephelinites,
analeite-basalts, and crinanites, as contrasted with the relative
richness of the Newer Volcanics in potash, as indicated by the
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development of macedonites, mugearites, and woodendite.  This
raises the possibility that the isolated occurrences of alkaline rocks
in Eastern Victoria may, at least in part. be acid differentiates of
the Older Volcanic Series.

The alkaline rocks most likely to belong to the Older Volcanic
Series are the pipes and dykes of phonolite, sodalite-phonolite,
and tinguaite near Harrietville (42). which occur in association
with pipes and dykes of olivine-basalt of the Buckland type.
These pipes are from 30 feet in diameter, up to 20 acres in extent.
The rocks composing some of them differ from the alkaline rocks
i other parts of Victoria in that they contain numerous
phenocrysts of basaltic hornblende which is reacting with the
groundmass to form aegirine and iron ore.  In a number of
instances the brown basaltic hornblende, which shows straight
extinction, remains ouly as a core to a deep green hornblende
with an extinction angle of 20°.  The alteration is transitional, so
that there can be little doubt as to the sodic character of the green
hornblende.  This development of basaltic hornblende in phono-
lites, with subsequent alteration to aegirine, appears to be a
characteristic feature of many phonolites and allied alkaline lavas.
Its restriction to strongly differentiated types has led the author
io suggest that it forms during the cupola stage of differentiation
¢f a basaltic magma (13).

Other acid alkaline types which may belong to the Older or
Newer Voleanic Series are a dyke of phonolite from Dargo flat
{Howitt Coll.) (43), the phonolite and tinguaite dykes of
Tabberabbera (44), the phonolites, tinguaites, trachytes, and
solvsbergites of Omeo (40), the hiotite-phonolite of Gallows T1ill,
ncar Mahatkah, i the Mansfield disirict (40), and possibly the
trachyte-solvsbergite dykes and svenite of Mt. T.einster (2).
This 1s. of course, purely conjecture, particularly since Newer
Volcanic lavas occur in the region, as at Benambra and
Gelantipy (18).

PYROXENES.

No very definite statement can be made as to the composition
of the pyroxenes.  Approximate measurements of 2\ were made
(by comparison of acute bisectrix figurex with such figures for
minerals of known 2V: muscovite and aragonite) wherever
possible.  These gave values of 2V about 60° for the titanaugites,
hut in the basalts without titanaugite the pyroxene grains were
generally too small for determination. Such measurements as
were achieved gave values of 2V of about 50-60°. and such
pyroxenes were presumed to be diopsidic. No pigeonites were
observed,
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CrenmicaL COMPOSITIONS.

Analyses of the Older Voleanic rocks are not as numerous as
could be desired.  The chemical compositions of the dyke rocks in
South Gippsland and Bendigo have been given elsewhere (10, 48).
In the two tables that follow (Tables 1. and 11.). all the existing
analyses of Older Volcanic basalts other than these are set out,
They are too few for well-defined groups to show out, but
snggest that the differences between the Mooroodue, Flinders,
Mirboo, and Keilor types are petrographical rather than chemical.
This probably applies to the Berwick type also.

TArLE [.
| ‘ ‘ a ,
—_ 1 (4 3. 4 5
S ‘ *\

8i0, . oo 4TT0 45029 51 ‘31‘ 46 64| 47739

ALO, .. S 1T T6 19°83 ) 18°08) 15746) 16716

Fealy .. L2230 g0 100 449) 2700

FeO .. 825 643 732 76 808N

MgO . 650 249 5t600 T 24 6023

Cal . 937 U080 374 100R0) 10° 49,

Na,O . 3034 40247 3+30] 2+43] 3737

K.0 . o 180, 196 27260 (rv2] 147

H,0 - . . 0° R85 o2l 079 183 134

H,0 — - 027 0038 L IR A b5t

CO, tr. nil O 88 tr. nit

Ti0, . 1‘0‘2‘ 20350t 1Te0) 1095

PO, 051 062 n FUSNNTEE: u 78

Mo .oou2d 0023 [ lH ‘19

Li,0 . L ..

Ci .- . 003 tr. 1 (",

5 . . 0-02] nil tr.

BaO .. . 003 ..

Torarn . 90- 691 99 45100~ ISIIOO .Zl 10060 100 36 100 41) 104053 lUU 39 100° 45
l
(1) Corrected for 1, 8 (7) Cr04°01 (" NiO' 03

V0, "05 CoO tr.
Sr0 t02 01,0405
Zr0, "3
NiO r07

1. Crinanite dyke (not rich in analcite), creek west of Gibson's allotment, Kilcunda.
Analyst- A, B, Edwards (Proc. Roy. Sec. Vie., 47, 1, p. 123, 4

2. Mugearite pipe, Binn's Creek, Aberfeldy. Analyst—W. L. Robertson (Mem. Geol.
Surv. Vie, 15, p. 45, 1925), (See note p. 85.)

3. Tachylyte, Tanjil. Analyst—A., W. Howitt (Vic. Nat.,, 2, p. 67, 1835).
4, Moorooduc type, porph)ntlc variety, Korkuperrimul Creek Analyst—R. Jacobson
roc. ‘Roy. Soc. I'ie., 80, 1, 1937),

5. Flinders type, Mz, Lookout, Aberfeldy.,  Analyst—2M. K. Evans (Mem. Geol. Surv.
Vie. 135, p. 45, 1925

6. Flinders tvpe, Mt lookuut, Aberfeldy, Analyst—D>M, K. Evans (Mem. Geol. Surv,
Vie., 15, p. 45, 1423),

7. Flinders type, ruailway cutting, Royal Park, Melbourne, Analyst—W. DMcCance
Proc. Roy, Soe, Fieo 44, 2, 1932),

8. Flmders type, fine- Ummed flow, GreCnsborough Analyst—N, R. Junner (Proc.
Roy. Soc. I'ic., &5, 2, p. 335, 1913).

9. Mirboo type. Berry’s Creek Bore, No. 20, depth 90 feet, allot, 34, Mardan, Analyst
—\ G Hall (Ann. Rept. Sec. Mines, 1911, p. 62).

10. Keilor type. Quurry, section xv., Tullamarine (Broadmeadows), Analyst—F, L.
Stillwell (Proc. Roy, Soc. Vie., 24, 2, 1912).
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TasLe 11

_ 1 3. 4 5 G
810, 4113 4239 30°79 44767 44756 15°56
ALO, 15774 16°17 12'1 1239 11°68 1332
Fe,0, 402 429 4°67 306 3°95 2°30
FeO 771 5774 787 753 6° 8% 968
MgO 7°98 766 1225 967 11°91 11°12
Cal 1048 11°57 11-26 10°16 1037 377
NaZ0o 506 426 2°83 184 1°03 3702
K,0 .. .. 112 146 1+23 185 231 153
HaO + o . 2°11 180 179 392 297 128
H,0 — .. .. 0° 55 0° 56 3706 092 084 027

O, nil nil ni] tr. nil nil
Ti0, 2" 34 213 1°87 252 2° 90 300
P,0, 054 116 1°30 0° 14 0" 40 071
MnO . .. 014 0°23 002 tr. 0°24 019

Li, 0 .. .. tr. .. .. .. tr. nil

3 .. .. nil .. .. 0-15 .. nil

.. - .- .- 013 .. 047 | 006 ..
.. .. nil 011 .. tr tr. 005

BaO . N .. 001 o o . ..
Nio, CoO .. .. .. nil .. .. 0-01 0°01
Cr,0, .- - .. 003 .. .. O4-09 0-06

V.0, . . 0°01 . .. ..
TOTAL o 99745 99° 70 100°08 106°19 100°20 10087

1, 011vme ne;}) hehnite, Allotment 91, Parish of Drouin West, plug, Analyst—F. F,
roc. Roy. Soc. Vie., xlii. . 2, p. 128, 1930).

2. 01wme~nephelml[e plug 8 chains &, of Greendale Hotel, Parish of Blackwood.
Analyst—A, B, Edwards (Proe, Roy. Soc. Vie,, xlvii, 1, p, 123, 1934).

3. Olivine-nephelinite, lava flow (limburgitic phase), 50 vards from the head of a
smail gully on the western slopes of Rald Hill, Bacchos Marsh, Analyst—R.
Jacobson (Proc. Roy. Soc. IFie,, 50, 1, p. 143, 1937).

4. Limburgite, dyke, Blackwall Mine, Aberfeldy, Analyst—3, K. FEvans (Mene.
Geol. Surv. Victoria, No, 15, p. 44).

5. Limburgite, small flow, Furca. Analyst~—A. G. Hall (Ann. Rept. Sec. for Mines,
for year 1912, p. 62).

6, Limburgite plug at Balwyn. Analyst—P. \WW. G. Bayley (Proc, Roy. Soc. Vic,
xxiv,, n.s 1, po 133, 1911).

1f analyses 1, 2, and 3 of Table 1., and all of Table Il. are
excepted as differentiated types, then the average of the remainder
(Table I., Nos. 4-10) which are the widespread, little differen-
tiated types, gives a composition which may be regarded as
approximating to the composition of the * parent magma " of the
suite, This shown in Table II1. below :—

TapLe T11.

Older Voleanic |[Newer Volcanic | Olivine-basalt Tholeiite
— Magnia type. Magma type, Magma type. Magma type.

810, .. . 16 a0 45 50
Al O, 155 15 15 13
FeO ¥e ();, 11°5 15 13 12
MgO 3 | 85 = k53
CaO 88 &5 9 10
Na,0 ! 29 30 275 2°8
K0 ! 14 12 05 12
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From this it seems probable that the parent magma of the Older
Volcanic Series approximates to the ‘*olivine-basalt magma
tvpe 7 (26), and is also fairly comparable with the parent magma
of the Newer Voleanic Series. This, however, as indicated by
its Si0O), content. is more nearly intermediate between the olivine-
basalt magma type and the tholeiitc magma type. The Older
Volcanics show little resemblance to the tholetites.

Conmparison WiTiE OTHER TERTIARY l.Avas 1N VICTORIA.

It remains to compare the Older Volcanic Series with the
other Tertiary igncous rocks of Victoria.

Newer 1oleanic Series,

There is a general similarity between the Newer and the Older
Volcanic Series in that hoth are olivine-basalt associations, and
gave rise to alkaline end-products.  There are, howcver, some

an
outstanding differences :—

1. Existing analvses indicate that the basalts of the Older
Voleanic Series approach more closely to the olivine-basalt magma
tvpe in composition than those of the Newer \olcanic Serics,
which have tholeiitic tendencies.

2. The dominant basalts of the Newer Volcanic Series
(Malmsbury and Footscray types) are characterised by an
abundance of iddingsite and a paucity of titanaugite (12). On
the other hand, ttanaugite is the common pyroxene of many
Older Volcanic basalts, while iddingsite 1s of only local
occurrence.

3. Crinanites are unknown among the Newer Volecanics, but
are widespread among the Older Volecanics.

4. Such Newer Voleanic basalts as do not contain iddingsite
are generally associated with more completely  differentiated
types, such as mmngearites, trachyandesites, and trachytes,

5. Mugearites are prominently developed among the Newer
Voleanics. hut are rare among the Older Volcanic rocks.  This
fimds further expression in the fact that the differentiated Newer
Voleanic types are rich both in soda and potash, while the
comparable rocks among the Older Volcanics ave rich in soda.

0. Busic alkaline types are only weakly developed among the
Newer Voleanies,  where some  limhurgites contain  analcite.
Among the Older Volcanics, however, olivine-nephelinites are
of relatively frequent occurrence.

7. Dykes are uncommon among the Newer Volcanics, but are
prevalent among the Older Volcanic rocks.
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3. The Newer Volcanic basalts are relatively fine-grained, and
generally have intergranular textures.  The Malmsbury and
Footseray types are greyish in colour when fresh, and often
vesicular, while the Trentham type and mugearites are bluish-
creen when fresh.  The titanaugite members of the (Nder
Volcanic basalts. on the other hand. generally possess ophitic
textures, and are frequently relatively coarse-grained. Older
Volcanic basalts are rarely vesicular, and are generally dark
coloured, so that they possess a distinctive appearance cven in
the hand specimen,

There can be little doubt., therciore, as to the difference
hetween these two suites of Tertiary lavas. It cannot, of course,
be claimed that the petrological examination of any specimen
is sufficient to assign it to one or other suite, but for a number
of rock types this 1s so, and fortunatelv these types occur in
a numiber of areas.

Suggested Intermediate Series.,

Jutson (23) has suggested that on physiographic grounds the
basalts at Ivanhoe and Greensborough, and possibly those at
Kangaroo Grounds, are of Plincene age, and intermediate between
the Older and Newer Voleanics.  The Greenshorough and
Kangaroo Ground basalts have heen described by Junuer (21).
The basalts at both localities include ophitic olivine-titanaugite
dolerites, identical with those of the Older Volcanic Series, and
an identical type vccurs as a small residual at Diamond Creek
in the same district.  In view of the uncertain nature of Jutson’s
evidence, it seems probable to the author that these residuals are
Older Volcanic and not Pliocene.

Other Gippsland Localitics.

The lavas in the Gelantipy arca. and those in the neighbounrhood
oi Benambra, shown as Newer Volcanic on the 8 miles to an inch
niap of Victoria of 1902, and as Ofder Volcanic on the 16 inch
maps of 1909 and 19306, appear on petrological evidence to be
Newer Volcanic. lddingsite basalts of the Malmsbury-Footscray
group are found at both localities, together with less distinctive
types. This agrees with the physiographic evidence (18).

References.

1. Bakrr, G—The Petrology of the You Yangs Granite, I’roc. Roy. Soc.
Vie., N.S, xIviii. (2), p. 154, 1936.

2. Broavuurst, E, and Cameserr, J. D—The Geology and Petrology of
the Mt. Leinster District, N.E. Victoria, 'roc. Koy. Soc. Vie,, N.S,,
xlv. (2), pp. 235-237, 1933.



94

(5]

0.

~y

10,

11.

1.

17.
8.

19,

20,

A. B, Edwards:

. Cuapman, F.—Tertiary Plant Remains from Narracan, South Gipps-
3

land, Proc, Roy. Soc. Vic,, N.S,, xxxiii,, p. 188, 1926.

. Cuapman, F,, and Crespix, L—The Tertiary Geology of East Gipps-

land, Victoria, Palaeontological Bull., No. 1, Dept. of Home Affairs,
1920,

. CHavman, B, and Crespix, L.—The Sequence and Age of the Tertiaries

of South Australia, Aust. and N.Z. Assoc. Ade. Sei, xxii., pp.
118-123, Melbourne, 1935.

Crapmax, F, and Tuiere, E. O—On a Limburgite Rock at Balwyn,
Prac. Rox. Soc. Vie., N.S., xlviit. (1), p. 13, 1935.

. CourLson, A —The Tertiary Basalts of the Geelong District, Proc.

Rox. Soc. I7ic., NS, L (2), 1936.

. Cresvin, 1—The Geology of Green Gully, Keilor, Proc. Roy. Soc.

Vie,, N.S., xxxviil,, pp. 100-124, 1926.

Y. Deank, He—Notes on Fossil Flora at Berwick, Ree, Geol. Surp, Vie,,

i, L, pp. 21-32.
Towaerns, A, B—Tertiary Dykes and Volcanic Necks of South Gipps-
land, Proc. Roy. Sec. Ve, N.S. xivii. (1), p. 112, 1934

pwarps, A. B—Three Olivine-basalt Trachyte Provinces and some
Theories of Petrogenesis, Proc. Roy. Soc. IMic.. N.S, xlviii (1),
p. 13, 1935.

2. Eowarog, A. B—The Tertiary Volcanic Rocks of Central Victoria,

Quart. Journ. Geol. Soc.. xciv., pp. 243-315, 1938.

. Epwarps, A. B.—Tertiary Lavas from Kerguelen Island, Rept.

British  Australian New Zealand Antarctic Research Expedition
(1929-30). Ser. A, ii. Part 5, pp. 72-99, 1938.

. Frereuson, W.—The Blackwood-Trentham Goldfield, Bull. Geol. Surv.

Vie., 18, p. 6, 1900,

. Girecory, J. W.—Petrological App., The Castlemaine Goldfield, 3esm.

Geol. Sure. I'ie., 2, pp. 34-35. 1903.

Grecory, J. W.—The Ballarat-East Goldficld, Mew. Geol. Sure. Vie.,
4, p. 39, 1907.

Herkxmaxn, H—Brown Coals of Victoria, Bull. Geol. Surv. {Tic., 45, 1922,

HiuLs, E. S—The Age and Physiographic Relationships of the
Cainozoic Volcaniec Rocks of Victoria, Proc. Roy. Soc. 7ic.. N.S,
li. (1), 1938.

Howrrr, A M,—Report on Lignite Deposits near Mahaikah, County
of Delatite, Ree. Geol, Surv, Plic., 1., pp. 241-243, 1004,

Jacorsox, R, and Scorr, T. R —Geology of the Kotkuperrimul Creek
Area, Proe. Roy. Soe. Vie., NS, 1. (1), 1937.

210 Junner, N. R—The General and Mining Geology of the Diamond

Creek Area, Proc. Koy, Soc. I7ic., N.S., xxv. (2}, pp. 323-333. 1913

Junner, N. R—The Geology and Ore Deposits of the Walhalla-

Wood's Point Auriferous Belt, Proc. Aust. 1M1, No, 39, 1920.

230 Tersox, Jo T—Droc, Rey, Soc. ic., N.S., xxxvi. (1), pp. 45-36, 1913,
. Kreie, R A —Lignite at Beenak, Ree, Geol. Surzv. Fic., v, 4, p. 436,

1925.

- KENnepy, W. Q.—The Parent Magma of the British Tertiary Province,

Summ. Prog. Geol. Surr., Great Britain, for 1930, Pt. 2, pp. 61-78.




Petrology of the Tertiary Older Volcanic Rocks. 95

. KEnxepy, W. Q. —Trends oi Differentiation in Basaltic Magmas.

¢« dmer. Jowrn, Sci., xxv., pp. 239-256, 1933.

Kitsox, A, E—Report on Bryozoan Limestone at Flinders, Rec. Geol.
Swure, e, 1. 1, p.o 49, 1602,

. Masoxy, D. J.—Petrological App., The Aberfeldy District, Mewn.

Geol, Sury, Ve, 15,

. Manoxy, D, J—Some Tertiary Volcanic Minerals and their Parent

Magma, Proc. Roy, Soe, Vie, N.S., x1. (2), pp. 62-69, 1928,

. Mamoxny, D. J—Alkaline Tertiary Rocks near Trentham and at

Drouin, Victorta, Proc. Koy, Soe. I7ic., N.S., xlii. (2), pp. 123-129,
1931.

C MceCaxce, W.—Weathering of the Older Basalt at Royal Park, Proc.

Roy. Soc. Iic., N.S., xliv. (2), pp. 243-256, 1932,

. McCav, F—Podromus of Palaeontology of Victoria, Decade 1V,

Geol, Suro, ie., Speeinl Publ., 1876,

. McCov, F—Progress Rept. Grol. Surv. Vie,, 3, p. 20, 1870.

. PatErsox, H. T.—Notes on some Tertiary Leaves from Pascoe Vale,

Proc. Roy. Soc. e, N.S., xlvi. (2), p. 264, 1934,

. Patersox, H. T..—Notes on Plant Remains from Narracan and Darli-

mitirla, South Gippsland, Proc, Koy, Soc. Vie, N.S., xIviii. (1), p. 67,
1935,

. Ross, C. S, and Shaxzox, E. V—Proe. US. Nt Mus., Ixvii., Art.

7. 1925,

. Sixcreron, Fo A.—Pan-Pacific Sci. Congress, 1923 Excursion to Royal

Park, Hdbk. for Melbonrne Meeting, pp. 92-93.

. SixcLEToN, F. A—Cainozoic Geology of Victoria, Hdbk. for Victoria,

Aust, and New Zealand Assve. Ade. Sci., p. 129, 1935.

. SxeEaTs, E. W.—The Volcanic Rocks of Victoria, Aust. lssoc. Adv.

Sci. Brisbane, 1910,

. SxEATS, E. W.—On the Tertiary Alkali Rocks of Victoria, British Ass.

Ade. Sei. Sect, C, 19145 also the Geology of the Commonwealth,
Federal Handbook on Australia, B.AALS, 1014, p. 311,

. Skears, E. W.—On a Volcanic Agglomerate containing Glaciated

Pebbles at Kangaroo Gully, near Dendigo, {’voc. Roy. Soc. Vic.,, N.S,,
xxvio (2), pp. 373-383, 1914

. Sxeats, E. W.—Report of Alkaline Rocks Committee, olust. Assoc.,

Ado. S, xv., pp. SU3-308, 1921,

. Skrears, E. W.—Report of Alkaline Rocks Committee, Aust. Assoc.

Adr. Sei,, svi, pp. 105-107, 1923

. Skeats, E. W.—Report of Alkaline Rocks Committee, Aust. Assoc.

de. Sei, xviiln, p. 41, 1926,

. SkEATS, B, W, and Suamaers, H. S.—The Geology and Petrology of

the Macedon District, Budl. Geol. Surz., Vie., 24, 1912,

. SMyTH, C. R—The Genesis of Alkaline Rocks, Proc. Awmer. Phil. Soc.,

Ixiv., p, 5§35, 1927,

. Stiowens, F. L—Notes on the Geology of Broadmeadows, Proc. Roy.

Soc. Ilie., N.S., xxiv. (1), p. 150, 1911.

O StiLweLL, F. L—Preliminary Notes on the Monchiquite Dykes of

the Bendigo Goldfield. Proc. Koy, Soc. Vie, N.S., xxv. (1), pp.
1-14, 1912



90 A B, Edwards:

49. STIRLING, J.—Report on the Brown Coals and Lignites of Victoria,
Progress Repi. Geol., Surv. [ic., p. 73, 1899, N

50. Sussmiren, Co A—Pres. Address, Proc. Linn. Soc. N.SAV., 1937,

51 Tyrern, Go W.—A Further Contribution to the Petrography of the Late

Palacozoic lgncous Suite of the West oi Scotland, Trans. Geol.
Soc, Glasgoze, xviii (2), pp. 259-294, 1927-28.

52, WasHixcrox, H. S—The Deccan Traps and other DPlateau Basalts,
Bull, Geol, Soe. Awmer., xxxiil, pp. 765-804, 1922,

53. WHItELAW, [1. S., and Baracwaxati, \W.-—The Daylesiord Goldfield,
Bull. Geol. Sure. Fic., 42, p. 10, 1923,

34. \VHIFPLA\N O. A L.—The Topography, Geology, and Mines of the
Wood's Point District, Mem. Geol. Suro. 177c., 13, 1916.

List of Illustrations.

Text-fig. 1-~The Probable Distrilmtion of the Tertiary Older \olcanic
Lavas in Victoria.  Marker Types:—1. Crinanites and
crinanite-hasalts: 2. lmmquqne dolerites: 3. Maoroodue
T\])L Other 7\'/"(\' —4. Mirhoo Type; 4, Keilor Type;

Buckland Type; 7. Berwick Twpe; 8. Flinders Type;
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. Acid Alkaline Types.

Text-fig. 2—The Probable Distribution of the Tertiary Older Volcanic
Dykes in Victoria.
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